A simple, fast, and highly selective RP-HPLC method was developed for the determination of Dapagliflozin (DAP) and Saxagliptin (SAX) in API and tablet dosage form. The separation was done using a Xterra RP18 (4.6×150 mm, 5 μm particle size) column with Acetonitrile: water (60:40). The isocratic elution mode at a flow rate of 1 mL/min, and the analytes were measured at 248 nm. The retention time for DAP and SAX were about 2.091 and 3.249 min, respectively. Calibration curves were found to be linear in the ranges of 100-500 μg/ml for DAP and 50-250 μg/ml for SAX, with correlation coefficients of 0.9998. The detection and quantification values for DAP was 3.0 and 9.98 μg/ml and SAX was 3.02 and 10 μg/ml respectively.
INTRODUCTION

Dapagliflozin is chemically known as (1S)
. A Literature survey shows that numerous analytical methods are reported for the individual estimation of DAP and SAX or with other pharmaceutical preparations, by various methods such as UV spectrophotometry [3] HPLC [4] [5] [6] [7] [8] , HPTLC [10, 11] , UPLC [12] , LC MS [13] [14] [15] . On the other hand, there is no method reported for dapagliflozin and saxagliptin by HPLC. Hence there is a need for a sensitive HPLC method which is stable and indicating for DAP and SAX. Stability studies was carried out by forcing the drug under variety of stress conditions such as thermal, oxidative, light and hydrolysis (acid and base), The established HPLC method was validated as per ICH guidelines [16] . 10 mg/5 mg of DAP and SAX were procured form local market. HPLC grade acetonitrile and water were procured from Merck, India. A membrane filter of 0.45 μm porosity was used to filter and degassed the mobile phase. Chemicals used were of analytical or HPLC grade.
MATERIALS AND METHODS
Chemicals
Instrumentation and materials
Waters HPLC 2695 was used for analysis. The separation was done on a UV detector and sampling was done by auto sampler. Data collection for chromatogram was done by empower software 2. The column used was Xterra column (150×4.6 mm) with mobile phase composition of Current Issues in Pharmacy and Medical Sciences acetonitrile: water (60:40). Filtration of mobile phase was carried out by 0.45 μm membrane filter under the isocratic condition with flow rate of 1.0 ml/min, injected volume was 20 µL and elution monitored at 248 nm with run time of 10 min.
PREPARATION OF SOLUTION
Standard preparation
Standard stock solutions were set by dissolving 10 mg of DAP and 5 mg of SAX in acetonitrile: water (60:40) mixture as diluents in 10 ml volumetric flask to achieve concentration of 1000 µg/ml for Dap and 500 µg/ml for SAX respectively. It was sonicated followed by filtration using 0.45 μm porosity filter paper. The stock solution was diluted by pipetted out 3 ml of above solution into 10 ml volumetric flask to produce reference standard solution containing DAP (300 µg/ml) and (SAX 150 µg/ml), respectively.
Sample preparation
Weight equivalent to powder containing 10 mg of DAP and 5 mg of SAX were dissolved in a 10 ml clean dry volumetric flask and diluent was added. It was sonicated, followed by filtration using 0.45 μm porosity filter paper (stock solution). We further pipetted 3 ml of Dapagliflozin and Saxagliptin from the above stock solution into a 10 ml volumetric flask and diluted up to the mark with diluent. The solutions were subject to analysis and results shown in Table 5 .
DEGRADATION STUDIES
Preparation of stock
The stock solution was prepared by dissolving 10 mg of DAP and 5 mg of SAX in acetonitrile: water (60:40) mixture as diluents in 10 ml volumetric flask and then sonicated for 10 min and finally made up to the volume (Stock solution).
Hydrolytic degradation under acidic condition
The acid hydrolysis was done by pipetted out 3 ml of solution along with 3 ml of 0.1 N HCl into 10 ml volumetric flask. This was kept at 60°C for 24 hours and then neutralized with 0.1 N NaOH, followed by filtration with 0.45 μm syringe filter and placement in vials.
Hydrolytic degradation under alkaline condition
The base hydrolysis was carried out by pipetted out 3 ml of solution along with 3 ml of 0.1 N NaOH into 10 ml volumetric flask. This was kept at 60°C for 24 hours and then neutralized with 0.1 N Hcl, followed by filtration with 0.45 μm syringe filter and placed in vials.
Thermal induced degradation
Thermal degradation was carried out by placing solid samples and tablets in a Petridish and keeping these in a hot air oven at 110°C for 3 hrs, followed by filtration with 0.45 μm syringe filter and placed in vials.
Oxidative degradation
The oxidative degradation was carried out by pipetted out 3 ml of solution along with 1 ml of 12.5% w/v of hydrogen peroxide into a 10 ml volumetric flask. This was then kept at room temperature for 15 min, followed by filtration with 0.45 μm syringe filter and placed in vials.
Photo degradation
The photolytic degradation was carried out by taking solid samples and tablets placing these spread out as a thin layer on a Petri plates. It subsequently exposed to UV light in a chamber for 48 hrs. The stressed sample was filtered through 0.45 μm syringe filter before its analysis.
Validation parameters 16 
Accuracy
The accuracy method was performed by utilizing the standard additional method. The concentration of drug at different levels (50%, 100%, 150%) was evaluated and the mean recovery of DAP and SAX was calculated.
Precision
Intraday precision was performed by taking a concentration of 300 µg/mL for Dapagliflozin and 150 µg/mL for Saxagliptin on the same day. The inter day precision were carried out at a similar concentration on three days by different operators, respectively. The standard solution was injected for six times and the area for all six Injections was measured in HPLC. The %RSD for the area of six replicate injections was found to be within the specified limits.
Linearity
The linearity was done by diluting the stock solution with mobile phase to yield a concentration of 100-500 µg/mL for DAP and 50-250 μg/mL for SAX. The linearity was performed by linear regression analysis using least square method.
Robustness
Robustness was done by varying slight changes in the parameters such as the mobile phase composition, flow rate, wavelength and column temperature.
System suitability study
System suitability tests were carried out on a freshly prepared standard solution of the DAP and SAX to analyse the various optimized parameters such as (eg. Theoretical plates, resolution and tailing factor).
RESULTS AND DISCUSSION
The chromatographic method was optimized by varying parameters, such as flow rate, mobile phase, column temperature and detection wavelength. The method was performed with various columns such as the C18 column, Hypersil column, Lichrosorb and Intersil ODS column. Xterra RP18 (4.6×150 mm, 5 mm) were found to be ideal as it gives good peak shape and resolution at 1.0 ml per min flow. The method was optimized with mobile phase composition of acetonitrile and water 60:40 (v/v) at a flow rate of 1 mL/min and at 248 nm by using a Xterra RP18 (4.6×150 mm, 5 mm) column. The peak was eluted at less than 5 min. The results are seen in Table 1 . The retention times obtained for dapagliflozin and saxagliptin were 2.089 and 3.253 min, respectively. The standard and sample chromatogram were shown in Fig. 2  and 3 , respectively. Quantitative linearity of drugs was obeyed in the concentration range of 100-500 µg/ml for DAP and 50-250 μg/ml for SAX, respectively. The relevant regression equations were y = 2189.9x + 32315 for dapagliflozin (r 2 = 0.9998) and y = 2889.6x + 10443 for saxagliptin (r 2 = 0.9998) (where y is the peak area and x is the concentration for dapagliflozin and saxagliptin. The corresponding mean recoveries for dapagliflozin and saxagliptin were 100.72% and 100.02%. This reveals that the method is quite accurate and precise. The %RSD was found to be less than 2 for accuracy and precision, indicating that the method is accurate (Table 2&2a ). The experimental LOD and LOQ were 3.00 µg/mL and 9.98 µg/mL for DAP, 3.02 µg/mL and 10.01 µg/mL for SAX, respectively. The validation parameters and the assay results for tablet formulation were shown in (Tables 4 and 5) . System suitability parameters such as, column efficiency, resolution and tailing factor of the peaks were calculated. The tailing factor for DAP and SAX was found to be 1.40 and 1.37, respectively. Theoretical plates for DAP and SAX was 2913 and 3772. Resolution was found to be 3.96. The system suitability results are shown in (Table 6 ). The results of robustness studies are shown in (Table 7) . Forced degradation studies were carried out in acid, base, thermal, photolytic and peroxide conditions; DAP was degraded more (6.7%) in acidic conditions than in other conditions. In basic conditions, SAX was degraded more (6.8%) than other conditions (Fig. 5) . For DAP and SAX, the basic conditions resulted in a significant increase in the area with the additional peaks. Under the basic conditions, a significant decrease of the peak area of DAP and SAX was observed within 5 min, with one additional peak detected at 1.459 min, respectively. This is shown in (Fig. 6) . Under oxidative condition, a significant decrease of the area of DAP and SAX was detected and small degradation peaks were seen approximately at 1.458 min. This is shown in (Fig. 7) . Under photo degradation, a small additional peak was detected at 6.631 min. This is seen in (Fig. 8) . Under thermal condition, a slight decrease of the area was detected and one small degradation peaks were seen approximately at 1.446 min -as shown in (Fig. 9) . The stressed samples were, respectively, analysed for dapagliflozin and the saxagliptin results are shown in (Table 3 ). 
CONCLUSION
The validated method shows that the stability-indicating RP-HPLC method is simple, fast and high selective, accurate and specific without any interference from the excipients and degradation products. The method was successfully applied for the quantitative analysis of DAP and SAX in marketed formulations.
